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Preface 


The  project  described  in  this  report  represents  a  cooperative  effort  between 
the  employees  of  the  Armament  Research,  Development,  and  Engineering 
Center  (ARDEC)  and  the  Army  Research  Laboratory  (ARL)  in  automating 
an  anechoic  chamber  at  the  Adelphi  Laboratory  Center  through  the  instal¬ 
lation  of  a  new  computer.  John  Clark  headed  the  organizational  end  of  the 
effort,  making  sure  that  all  the  various  tasks  facilitating  the  upgrade  were 
performed;  he  is  the  point  of  contact  for  scheduling  use  of  the  chamber 
(301-394-3800).  The  computer  network  hookup  was  installed  by  James 
Griffin. 

The  Scientific  Atlantic  equipment  was  integrated  into  the  control  room  of 
the  anechoic  chamber  by  Steven  Weiss  and  Robert  Tan.  Questions  pertain¬ 
ing  to  the  system  setup  may  be  directed  to  Steven  Weiss  (301-394-3710). 

The  computer  algorithm  was  developed  by  Steven  Weiss  and  Andy  Lesh- 
chyshyn  after  consultations  with  Robert  Dahlstrom.  All  the  computer 
hardware  interface  equipment  was  designed  and  debugged  by  Andy 
Leshchyshyn;  he  also  wrote  the  computer  code  for  the  data  acquisition 
portion  of  the  software.  A  routine  that  plots  data  to  the  computer's  moni¬ 
tor  was  prepared  by  David  Gerstman.  Any  questions  concerning  the  com¬ 
puter  code  (error  message,  bugs,  etc)  may  be  directed  to  Andy 
Leshchyshyn  (301-394-2420).  The  computer  was  provided  by  ARL  through 
Jeffrey  Sichina. 

Other  people  who  contributed  to  this  upgrade  are  as  follows: 

The  ARL  participants  were  Jeffrey  Sichina,  Robert  Dahlstrom,  John  Clark, 
David  Gerstman,  James  Griffin,  Eric  Adler,  Robert  Tan,  Roger  Kaul,  and 
Gregory  Smith. 

The  ARDEC  participants  were  Steven  Weiss,  Andy  Leshchyshyn,  and 
Kathy  Ludke. 
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1.  Introduction 


Hardware  and  software  upgrades  have  been  made  recently  to  an  anechoic 
chamber  at  the  Adelphi  Laboratory  Center  (ALC).  This  chamber  is  prima¬ 
rily  used  for  the  measurement  of  the  patterns  and  gains  of  antennas  devel¬ 
oped  by  Army  Research  Laboratory  (ARL)  and  Armament,  Research, 
Development,  and  Engineering  Center  (ARDEC)  engineers  located  at 
ALC.  A  new  data  acquisition  system  (using  Scientific  Atlanta  equipment) 
has  been  installed  and  connected  to  a  Dell  386  personal  computer.  This 
computer  has  been  dedicated  to  the  chamber  to  be  used  solely  for  data 
acquisition  and  analysis.  The  computer  can  be  connected  to  the  ALC  facil¬ 
ity  network  so  that  data  can  be  downloaded  to  any  location  within  the 
ALC  campus. 

This  report  first  presents  a  system  overview  to  aid  the  users  in  the  initial 
setup  of  the  chamber's  measurement  equipment.  Different  configurations 
for  operation  above  and  below  1  GHz  are  discussed.  The  report  also  pre¬ 
sents  an  example  of  an  actual  anterma  measurement  rim  with  an  illustra¬ 
tion  of  the  various  ways  the  data  can  be  presented.  The  appendix  presents 
a  detailed  overview  of  the  data  acquisition  algorithm. 

2.  System  Overview 

A  series  1780  Programmable  Microwave  Receiver  (PMR),  manufactured 
by  Scientific  Atlanta,  has  been  installed  into  the  control  room  of  the 
anechoic  chamber.  This  equipment  replaces  the  older  Scientific  Atlanta  re¬ 
ceiver,  which  had  become  outdated.  The  1780  PMR  automates  many  pre¬ 
liminary  tasks  that  had  been  done  manually  with  the  older  equipment. 
Consequently,  the  amount  of  time  spent  in  the  initial  setup  of  the  receiver 
has  been  reduced,  because  the  complexity  of  the  setup  has  been  reduced. 

The  chamber  is  commonly  used  to  measure  the  two  principal  planes  (elec¬ 
tric,  £-,  and  magnetic,  H-planes)  of  an  antenna.  These  measurements  have 
been  automated  by  the  integration  of  the  Dell  386  with  the  1780  PMR.  A 
block  diagram  of  the  data  acquisition  system  is  shown  in  figure  1.  In  this 
diagram  a  test  antenna  (to  be  evaluated)  is  placed  on  a  turntable  at  one  end 
of  the  chamber,  and  a  calibrated  transmitting  antenna,  excited  by  an  rf 
source,  is  placed  at  the  other  end.  The  test  antenna  is  then  revolved  in  a 
circle  so  that  its  pattern  can  be  determined  as  a  function  of  the  elevation 
angle  6.  A  second  (smaller)  turntable  lets  the  user  perform  measurements 
as  a  function  of  the  azimuthal  angle 

The  computer's  primary  tasks  are  to  keep  track  of  the  position  of  the  turn¬ 
table  and  to  take  data  from  the  1780  PMR.  As  the  turntable  rotates,  the 
computer  polls  the  1780  PMR  for  amplitude  (in  decibels)  and  phase  (in 
degrees)  information  at  predesignated  intervals  (e.g.,  0.1°,  0.5°,  and  1.0°). 
When  the  turntable  completes  one  revolution,  the  computer  terminates  the 
data  acquisition  portion  of  its  algorithm  and  proceeds  to  plot  a  normalized 
radiation  pattern  to  the  monitor.  Finally,  the  data  are  stored  to  an  ASCII 
file  on  the  hard  drive. 
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Figure  1.  Block 
diagram  of  a  typical 
measurement  setup. 


The  stored  data  are  organized  into  three  columns.  The  first  column  corre¬ 
sponds  to  the  position  of  the  turntable  (in  degrees).  The  second  and  third 
columns  of  information  correspond  to  amplitude  (in  decibels)  and  phase 
(in  degrees)  measurements  gathered  from  ttie  receive  antenna.  The  execut¬ 
able  file  that  runs  the  acquisition  system  is  titled  "anc."  This  file  is  found  in 
the  "chamber"  directory  on  the  Dell  386  computer. 

T5q)ically,  the  operator  may  perform  many  nms  for  various  antenna  pat¬ 
tern  cuts.  The  data  for  these  cuts  are  stored  in  the  chamber  directory, 
unless  the  computer  is  otherwise  directed.  If  the  operator  desires  to  see  the 
acquired  data  again  on  a  polar  plot,  an  executable  file  named  "pdata"  can 
be  nm.  This  file  will  prompt  the  operator  for  the  data's  file  name  and  then 
plot  the  data  to  the  monitor.  At  the  conclusion  of  the  work,  the  user  should 
clear  out  all  data  files  from  the  chamber  directory. 

If  measurements  are  desired  at  frequencies  between  0.1  and  1.0  GHz,  the 
1780  PMR  must  be  configured  in  accordance  with  figure  2.  Note  that  the 
1733  low-frequency  converter  and  the  1780  local  oscillator  (LO)  unit  are 
modular  components  of  the  1780  PMR. 

At  these  frequencies  (0.1  to  1.0  GHz),  all  mixing  operations  are  done  inter¬ 
nally  to  the  system,  and  the  user  nms  cables  directly  from  the  antennas  to 
the  appropriate  type-N  cormectors  on  the  back  of  the  1733.  Cables  must 
also  be  run  from  the  1733  to  the  1780  LO  unit.  Figure  2  shows  the  back 
view  of  these  units.  A  number  of  other  cables,  not  shown  in  this  diagram, 
are  also  attached  to  the  units.  These  cables  are  properly  placed  and  should 
not  be  moved.  The  1780  PMR  automatically  defaults  to  an  internal  algo¬ 
rithm  that  assumes  that  the  user  has  properly  configured  the  system  when 
it  is  operating  between  0.1  and  1.0  GHz. 

At  frequencies  above  1  GHz,  .the  user  must  configure  the  1780  PMR  in 
accordance  with  figure  3.  At  these  frequencies,  mixing  is  done  externally 
(usually  with  Model  14-5  harmonic  mixers).  The  external  mixers  run 
directly  to  the  1780  LO  unit;  the  1733  is  b)q)assed.  Again,  the  1780  PMR 
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will  default  to  an  internal  algorithm  that  assumes  that  the  user  has  config¬ 
ured  the  system  appropriately  when  it  is  operating  above  1.0  GHz. 

If  more  information  is  needed  on  this  new  data  acquisition  equipment, 
users  can  find  the  manuals  for  the  Scientific  Atlanta  equipment  in  the 
anechoic  chamber's  control  room.  These  manuals  should  not  be  removed 
from  this  room.  Further  questions  about  test  measurements  should  be 
directed  to  Steven  Weiss. 


Figure  2.  Rf  system 
for  operation  between 
0.1  and  1.0  GHz. 


Figure  3.  Rf  system 
for  operation  above 


1.0  GHz. 
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3.  Examples  of  Acquired  Data 

An  example  of  some  typical  acquired  data  is  presented  in  table  1.  The  turn¬ 
table  data  (first  column)  are  resolved  to  an  accuracy  of  0.01°.  These  data 
were  taken  in  1°  increments. 

Once  acquired,  the  data  can  be  plotted  on  a  radiation  pattern  graph.  Two 
such  plots  are  shown  in  figure  4.  These  graphs  were  generated  from  a 
package  developed  with  Mathematica  software.  It  is  up  to  users  to  provide 
their  own  software  for  graphics. 


Table  1.  Measured 
data. 


Turntable 

position 

n 

Amplitude 

(dB) 

Phase 

n 

-179.99 

-20.86 

198.9 

-178.99 

-21.36 

203.6 

-178. 

-21.9 

203.6 

-176.99 

-22.01 

207.4 

-176. 

-22.63 

213.7 

-174.99 

-23.16 

215.7 

-173.99 

-24.2 

224.7 

-173. 

-25.47 

237.9 

171.01 

-22.89 

197.9 

172. 

-22.26 

192.3 

173.01 

-21.8 

193.2 

174. 

-21.83 

189.9 

175.01 

-21.29 

188.3 

176.01 

-21.44 

191.6 

177. 

-20.94 

190. 

178.01 

-21.41 

192.4 

179. 

-20.82 

194.9 

Figure  4.  Plotted  data 
for  typical  E-  and  H- 


E’-plane 

0 


//-plane 

0 


4.  Using  the  Software 

The  following  is  a  step-by-step  outline  for  using  the  data  acquisition  soft¬ 
ware. 

1.  Turn  on  the  computer  and  monitor  using  the  power  strip  switch.  The  light- 
emitting  diode  (LED)  on  the  synchro-to-digital  converter  box  should  light 
up.  The  box  sits  on  top  of  the  computer. 

2.  Turn  on  the  turntable  drive  motor. 

3.  Turn  on  and  set  the  signal  source. 

4.  Turn  on  and  set  the  Scientific  Atlanta  receiver. 

The  receiver  must  be  set  properly  for  the  program  to  work.  The  best  way  to 
test  your  settings  is  to  do  a  manual  test  without  running  the  software.  This 
allows  you  to  observe  the  LED  display.  If  any  of  the  data  displayed  are  in 
inverted  LED  mode,  then  the  receiver  is  being  overdriven.  Once  the 
receiver  is  fully  functional,  proceed  with  the  rest  of  these  instructions. 

5.  The  computer  should  be  in  the  CHAMBER>  directory.  Type  anc  and  press 
return. 

6.  The  software  will  ask  you  a  few  questions  and  will  explain  how  to  run  a 
test. 

a.  Select  azimuth  or  elevation.  Please  note  that  "elevation"  refers  to  the 
large  horizontal  turntable;  "azimuth"  refers  to  the  small  vertical  turn¬ 
table. 

b.  You  are  given  a  choice  of  the  accuracy  with  which  degrees  will  be 
measured.  The  choices  are  0.1°,  0.5°,  and  1°.  Resolution  does  affect  the 
maximum  allowable  spin  rate  for  the  turntable.  Selecting  1°  resolution 
allows  the  fastest  turntable  speed. 

•  at  1°  resolution — you  select  the  fastest  safe  speed  by  turning  the 
knob  two  notches  in  the  clockwise  or  counterclockwise  direction. 

•  at  0.1°  resolution — you  select  the  fastest  safe  speed  by  turning  the 
knob  one  notch  in  the  clockwise  or  counterclockwise  direction. 

c.  Basically  the  computer  determines  where  0°  is  and  then  asks  the  user 
to  turn  the  table  to  -180°.  The  computer  tells  you  when  -180°  is 
reached.  You  are  then  told  to  reverse  direction.  The  computer  will 
record  degrees,  amplitude,  and  phase  imtil  the  turntable  reaches  180°. 
Then  you  are  prompted  to  stop  the  turntable. 

If  the  turntable  spins  too  fast,  a  message  will  appear  on  the  screen.  Slow 
down  and  continue  the  test,  but  be  aware  that  the  output  file  has  missing 
or  corrupted  data. 

d.  When  the  message  "Stop  the  Turntable"  appears  on  the  screen,  please 
do  as  instructed.  Once  this  is  done,  you  will  be  prompted  to  hit  c  to 
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continue.  A  normalized  plot  will  be  displayed  on  the  screen.  Once 
again,  press  c  to  continue. 

e.  At  this  point  you  must  decide  if  the  data  are  worth  saving  to  a  file.  If 
so,  select  the  name  of  the  output  file.  If  you  wish  the  data  to  go  directly 
to  disk,  type  arfilename  (for  5V4-in.  floppy),  or  bdilename  (3V2-in. 
floppy).  The  data  stored  will  be  in  three  columns:  DEGREES,  AMPLI¬ 
TUDE,  PHASE. 

f.  The  software  will  turn  the  APC  off  and  return  the  receiver  to  manual 
mode.  The  manual  specifies  that  the  APC  should  always  be  off  before 
the  receiver  is  turned  off. 

If  you  wish  to  do  another  rim,  do  not  forget  to  turn  the  APC  back  on. 

7.  When  finished,  remember  to  turn  everything  off. 

Certain  problems  may  arise; 

The  software  will  alert  you  if  the  turntable  is  spinning  too  fast  to  gather 
data,  or  if  a  communication  error  has  occurred  between  the  computer  and 
the  receiver. 

•  If  you  do  not  follow  the  suggested  speeds  (see  step  6b)  and  a  message  "too 
fast"  appears,  remember  that  your  data  have  been  corrupted,  and  when 
the  program  completes,  you  must  repeat  the  entire  process. 

•  If  a  communication  error  occurs  between  the  computer  and  the  receiver, 
you  will  get  a  message  that  says  "Parallel  Poll  Error,  Serial  Poll  Error,"  and 
then  a  brief  description  of  what  the  error  was  (these  descriptions  are  from 
the  users  manual).  Hardware  errors  will  generally  mean  that  there  is  a 
problem  with  the  way  the  receiver  was  set  up,  or  with  the  signal  being  pro¬ 
vided  by  the  function  generator.  Please  refer  to  the  users  manual  for  more 
information. 

The  Scientific  Atlanta  receiver  must  be  set  properly  for  the  software  to 
function  properly.  Please  read  the  users  manual  carefully  before  attempt¬ 
ing  to  use  the  receiver.  The  software  will  not  set  the  receiver  for  you. 


5.  Conclusion 

This  report  gives  an  overview  of  the  upgraded  equipment  and  software 
installed  in  the  anechoic  chamber  at  ALC.  It  can  be  used  as  a  quick  refer¬ 
ence  when  the  chamber  is  used  for  antenna  measurements.  A  basic  under¬ 
standing  of  the  equipment  is  assumed.  This  report  does  not  take  the  place 
of  the  operating  manuals  for  the  Scientific  Atlantic  equipment.  Many  im¬ 
portant  details  concerning  the  setup  of  the  equipment  are  contained  within 
these  documents,  and  the  user  should  become  familiar  with  the  equipment 
before  attempting  to  use  it. 
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Appendix.  Data  Acquisition  Algorithm 

An  algorithm  has  been  developed  and  implemented  so  that  the  position  of 
a  turntable  (located  within  an  anechoic  chamber  at  the  Adelphi  Laboratory 
Center  (ALC))  can  be  monitored  by  a  computer.  The  purpose  of  this  imple¬ 
mentation  is  to  enable  users  to  measure  the  amplitude  and  phase  of  an 
antenna  signal  with  respect  to  the  degree  of  turn  of  the  turntable  in  the 
anechoic  chamber.  Amplitude  and  phase  information  is  provided  by  a 
receiver  and  is  not  discussed  here. 

A-1.  S)mchro-to-Tumtable  Relationship 

The  position  of  the  turntable  is  available  through  synchros  that  continu¬ 
ously  provide  relative  phase  information.  This  information  is  available  to  a 
port  on  the  computer  through  a  parallel  input/ output  interface  card. 

The  algorithm  was  complicated  by  two  issues.  First,  there  is  a  36  : 1  ratio 
between  the  degrees  measured  by  the  synchro  and  the  degrees  actually 
turned  by  the  turntable.  Second,  the  turntable  can  turn  both  clockwise  and 
counterclockwise.  It  is  easy  to  keep  track  of  degree  changes,  but  difficulties 
can  arise  in  keeping  track  of  turntable  direction.  These  difficulties  are  not 
obvious,  but  with  a  thorough  description  of  the  algorithm  they  become 
clear. 

To  understand  the  concept  of  the  36  ;  1  ratio  between  the  synchros  and  the 
turntable,  it  is  easiest  to  envision  two  circles  as  in  figure  A-1.  The  small 
circle  represents  the  synchro,  and  the  large  circle  represents  the  turntable. 
For  every  revolution  of  the  synchro  circle,  360°,  the  large  turntable  turns 
10°.  This  also  means  that  for  every  3.6°  of  change  on  the  s)mchro  circle,  the 
turntable  has  changed  0.1°.  Since  the  finest  resolution  desired  is  0.1°  on  the 
turntable,  the  software  must  look  for  a  3.6°  change  from  the  synchros.  This 
resolution  is  referenced  by  the  variable  "deg_res."  Since  it  is  a  variable,  it  is 
easily  changed.  The  user  is  prompted  to  select  a  resolution  (the  "resolu¬ 
tion"  function  is  labeled  in  the  comments  to  the  code).  The  user  is  given  a 
choice  of  0.1°,  0.5°,  or  1°  resolution  with  respect  to  the  turntable.  (Should 


Figure  A-1.  Synchro 
and  turntable 
orientations. 
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Figure  A-2.  Turntable 
and  logical  planes. 


A-2. 


Table  A-1.  Sample 
turntable  angle 
calculations. 


different  resolutions  be  requested,  the  increments  must  be  multiples  of  0.1, 
where  the  multiplier  is  a  whole  number.  For  example,  we  could  create  a 
0.2°  or  0.3°  multiplier  but  not  a  0.25°  multiplier.  This  limitation  has  to  do 
with  array  element  increments,  which  are  discussed  in  sect.  A-3.) 

Another  way  of  looking  at  the  relationship  between  the  synchro  and  the 
turntable  can  be  seen  in  figure  A-2.  The  relationship  can  be  viewed  in 
terms  of  reference  planes.  Reference  plane  2  refers  to  the  synchro  (normal¬ 
ized),  while  reference  3  refers  to  the  turntable.  Reference  plane  1  refers  to 
absolute  synchro  data  (unnormalized).  Reference  plane  1  is  discussed  in 
section  A-6. 


0° 


Determining  Direction  of  Spin 

The  algorithm  for  determining  the  direction  and  position  of  the  turntable 
depends  on  the  correct  interpretation  of  successive  angular  measurements. 
In  its  most  primitive  form,  a  positive  change  in  successive  readings  means 
that  the  turntable  is  turning  counterclockwise.  Negative  changes  mean  the 
turntable  is  turning  clockwise.  Five  sample  calculations  of  turntable  angle, 
given  the  synchro  angle,  are  shown  in  table  A-1. 

At  this  point  the  algorithm  looks  very  straightforward.  The  question  is 
how  to  convert  a  logical  angle  to  a  turntable  angle.  The  key  to  tWs  conver¬ 
sion  is  the  36  : 1  ratio.  If  we  call  the  starting  position  of  the  turntable  0°,  and 
measure  the  change  in  the  logical  angle,  we  can  determine  not  only  the 
amount  of  change  in  degrees  of  the  turntable  but  also  the  direction.  When 
a  0.1°  (turntable)  resolution  is  selected,  the  computer  reads  the  degree 
measurement  from  the  s3mchro  waiting  for  a  3.6°  change.  As  soon  as  a  3.6° 
change  has  occurred,  the  computer  knows  that  the  turntable  has  shifted  by 
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0.1°.  If  the  computer  keeps  track  of  the  direction  of  change  and  the  number 
of  0.1°  increments,  the  position  of  the  turntable  will  always  be  known. 

A-3.  Storing  Data 

From  a  poll  of  users,  the  consensus  is  that  the  finest  resolution  needed  for 
the  turntable  is  0.1°.  Since  processing  speed  was  a  vital  consideration,  it 
was  necessary  to  minimize  the  number  of  calculations  so  that  the  program 
would  execute  quickly.  To  reduce  the  overhead  associated  with  degree 
changes  of  the  synchros  and  degree  changes  of  the  turntable,  we  decided 
to  keep  track  of  the  specific  synchro  angle  measurements  and  reference 
them  to  fixed  increments  of  the  turntable.  Using  pointers  and  Storing  data 
in  arrays  seemed  like  the  optimal  solution,  since  it  takes  much  less  time  to 
store  data  in  an  array  than  to  write  it  to  a  file  directly.  It  is  also  faster  and 
easier  to  process  data  in  an  array.  Each  location  in  the  array  corresponds  to 
a  specific  turntable  location.  By  assigning  a  degree  measurement  to  each 
element  of  the  array,  we  could  keep  track  of  the  location  (in  degrees)  of  the 
turntable  without  going  through  a  time-consuming  calculation.  When 
each  element  of  the  array  corresponds  to  a  0.1°  increment,  the  0.1°  resolu¬ 
tion  is  achieved.  While  measurements  are  being  taken,  an  exact  degree  is 
not  calculated.  What  is  initially  stored  is  the  degree  error  between  the 
measurement  and  the  exact  degree  expected.  After  measurements  have 
been  completed  and  speed  of  execution  is  no  longer  a  priority,  the  exact 
degree  is  calculated.  TTie  exact  degree  is  calculated  by  the  contents  of  the 
array  (the  degree  error)  being  added  to  the  expected  degree  value. 

The  arrays  had  to  be  large  enough  to  handle  at  least  3600  data  elements, 
given  a  resolution  of  0.1°  (360°  at  0.1°  increments  =  3600).  Each  increment 
of  the  array  corresponds  to  a  0.1°  increment  of  the  turntable.  Each  element 
refers  only  to  a  specific  degree.  In  reality,  the  turntable  can  turn  to  positive 
200°  and  negative  200°.  Consequently,  it  made  sense  to  make  the  array 
large  enough  to  hold  4000  elements  of  data.  Location  2100  was  arbitrarily 
selected  to  represent  0°  with  respect  to  the  turntable.  The  relationship  can 
be  seen  in  table  A-2. 


Table  A-2. 
Correspondence 
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300 
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number  and 
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When  data  are  gathered  at  a  0.1°  resolution,  3600  elements  of  the  array  are 
filled.  If  a  0.5°  resolution  is  selected,  every  fifth  element  is  filled  with  data 
(720  total  points).  For  a  1°  resolution,  every  tenth  element  is  filled  (360  total 
points). 

The  beginning  of  the  program  establishes  a  0°  reference  in  the  logical  plane 
and  points  the  array  pointer  to  the  0°  reference  point  in  the  array,  which  is 
location  2100.  When  a  3.6°  logical  angle  change  is  found  (0.1°  turntable 
resolution),  the  turntable  has  turned  by  0.1°,  the  array  pointer  is 
incremented  (or  decremented,  depending  on  direction  of  turn),  and  ampli¬ 
tude  and  phase  data  are  gathered  from  the  receiver  and  stored  in  that  ele¬ 
ment  of  the  array. 

At  this  point  in  the  discussion,  the  question  might  arise  of  why  an  algo¬ 
rithm  was  not  created  that  would  keep  track  of  the  direction  of  the  turn¬ 
table  in  only  one  direction.  The  user  would  be  instructed  to  turn  the  table 
to  -180°,  and  the  software  would  establish  this  as  a  reference  and  keep 
track  of  forward  motion  only.  This  would  have  cut  the  calculations  in  half. 
However,  using  that  approach  would  lead  to  a  problem  if  the  user  turned 
the  turntable  in  the  wrong  direction  once  it  was  at  -180°.  Also,  it  seems 
more  intuitive  for  the  user  to  align  the  antenna  with  the  receiver  by  point¬ 
ing  the  antenna  forward  rather  than  backward.  So  the  decision  was  made 
to  keep  track  of  the  direction  of  the  turntable  spin  at  the  expense  of  proc¬ 
essing  speed. 

Having  demonstrated  that  we  must  keep  track  of  both  degrees  and  direc¬ 
tion,  we  are  ready  to  proceed  with  an  explanation  of  the  algorithm  used  to 
keep  track  of  the  logical  angle.  A  quick  review  of  variable  names  is  pro¬ 
vided  to  help  in  understanding  the  equations  that  will  follow.  The  "angle" 
is  the  degree  measurement  coming  from  the  S}mchro.  The  "physical  refer¬ 
ence"  is  the  first  measurement  to  come  from  the  synchro  when  the  user 
aligns  the  turntable  so  that  the  transmitter  points  at  the  receiver.  The  "logi¬ 
cal  angle"  is  the  angle  normalized  with  respect  to  the  physical  reference 
(normalization  is  explained  in  the  sect.  A-6).  "Element"  refers  to  a  particu¬ 
lar  location  in  the  array.  A  new  variable  that  has  not  yet  been  introduced  is 
"last  logical,"  which  refers  to  the  last  logical  reference. 


A-4.  Calculations  in  Logical  Plane 

The  logical  plane  is  where  the  bulk  of  processing  occurs  to  determine  the 
direction  and  magnitude  of  degree  change.  The  logical  plane  can  be 
viewed  as  a  circle  divided  into  100  parts,  spaced  3.6°  apart  (see  fig.  A-3). 
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A  complication  is  that  if  the  data  generated  by  the  synchros  indicate  a 
clockwise  progression,  the  direction  of  the  turntable  will  actually  be  coun¬ 
terclockwise,  and  vice  versa.  As  the  degree  measurement  of  the  synchro 
tacreases,  the  turntable  moves  counterclockwise  (negative  towards  -180°) 
and  the  array  is  decremented. 

Tests  show  that  the  communication  with  the  Scientific  Atlanta  receiver  is 
the  single  most  time-consuming  portion  of  the  software  routine.  However, 
there  is  no  need  to  measure  amplitude  and  phase  in  the  negative  (coimter- 
clockwise)  direction,  since  it  can  be  gathered  in  the  forward  direction  as 
the  turntable  moves  from  -180°  toward  +180°.  This  allows  the  turntable  to 
be  turned  in  the  reverse  direction  much  faster  than  in  the  forward 
direction. 

To  illustrate  a  potential  ambiguity  in  the  position  of  the  turntable  as  under¬ 
stood  by  the  computer,  we  present  an  example.  We  begin  at  0  logical 
degrees  with  the  turntable  also  positioned  straight  ahead  at  0°.  For  discus¬ 
sion  purposes,  the  degree  resolution  selected  is  0.1°  turntable  resolution, 
which  equals  a  3.6°  s5mchro  resolution.  The  array  pointer  is  pointing  to 
location  2100.  The  user  begins  turning  the  turntable  counterclockwise,  and 
the  computer  begins  sampling  the  synchro-to-digital  converter.  The  "last 
logical"  value  was  0.  If  the  logical  angle  exceeds  3.6°,  the  turntable  has 
moved  -0.1°,  so  the  array  is  decremented  to  location  2099.  The  new  "last 
logical"  that  was  exceeded  was  3.6°.  So  now  the  computer  is  looking  for 
the  next  3.6°  increment,  which  is  7.2°.  When  the  "logical  angle"  exceeds 
this  value  once  again,  the  array  pointer  is  decremented,  and  7.2  is  stored  as 
the  "last  logical."  This  process  continues  unless  the  direction  is  reversed.  If 
that  happens,  the  array  pointer  is  incremented  and  now  the  amplitude  and 
phase  are  recorded.  The  pseudo  code  for  this  is  as  follows: 

FORWARD 

IF  (logical  angle  -  last  logical)  >  3.6° 

THEN  decrement  the  array,  and  add  3.6  to  the  last  logical  value. 
REVERSE 

IF  (last  logical  -  logical  angle)  >  3.6° 

THEN  increment  the  array,  and  subtract  3.6  from  the  last  logical  value. 

Since  a  circle  has  360°,  and  the  synchro-to-digital  converter  puts  out  values 
only  between  0  and  359.99,  the  last  logical  cannot  be  incremented  beyond 
360,  and  cannot  be  decremented  below  0.  This  has  two  effects.  The  first  is 
that  if  the  algorithm  adds  to  the  "last  logical"  and  360  is  exceeded,  then  the 
new  "last  logical"  is  set  to  0.  If  the  algorithm  subtracts  from  the  last  logical 
and  0  is  exceeded,  then  the  new  "last  logical"  is  set  to  360.  Furthermore, 
the  above  equations  do  not  hold  when  the  turntable  is  moving  forward 
and  the  "last  logical"  is  just  under  360,  while  the  "logical  angle"  has 
exceeded  360  and  is  just  over  0.  The  turntable  is  moving  forward,  yet  this 
scenario  satisfies  the  REVERSE  conditions.  For  this  reason,  a  special  check 
was  created: 
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CROSS  0  FORWARD 

IF  (last  logical  >  315)  and  (logical  angle  <  45) 

THEN  decrement  the  array  and  set  the  last  logical  to  0°. 

The  value  of  315  was  selected  rather  arbitrarily.  It  needed  to  be  in  the 
quadrant  between  270  and  360,  yet  leave  enough  room  for  large  jumps  in 
measured  values.  The  same  approach  had  to  be  taken  for  moving  in  the 
reverse  direction  and  crossing  0. 

CROSS  0  REVERSE 

IF  (logical  angle  >  315)  and  (last  logical  <  45) 

THEN  increment  the  array  and  set  the  last  logical  to  360°. 

A-5.  Processing  Speed  Limitations 

As  mentioned  previously,  the  most  time-consuming  portion  of  the  soft¬ 
ware  is  commimicating  with  the  Scientific  Atlanta  receiver.  The  holdup  is 
due  to  the  internal  workings  of  the  receiver  and  cannot  be  sped  up  by  the 
software.  This  creates  the  problem  that  it  is  possible  to  rotate  the  turntable 
faster  than  the  computer  can  gather  data.  To  deal  with  this  problem,  we 
chose  to  monitor  whether  the  degree  change  exceeds  twice  the  degree 
resolution,  and  alert  the  user  that  the  turntable  is  turning  too  fast.  Under 
normal  operating  conditions,  the  intention  is  to  update  the  last  logical  each 
time  the  angle  changes  by  more  than  the  resolution  step,  and  store  data.  If 
the  computer  has  detected  that  the  data  coming  from  the  synchros  have 
changed  by  more  than  twice  the  resolution,  data  have  been  lost,  since  the 
array  pointer  has  incremented  twice  without  data  being  stored  in  the  first 
of  the  two  locations.  If  the  recommended  speed  of  the  turntable  is  not 
exceeded,  no  data  loss  will  occur.  Once  data  have  been  stored  in  the  arrays, 
it  can  be  processed  or  written  out  to  files. 


A-6.  Physical  Reference  Plane 

At  this  point  the  difficulty  with  keeping  track  of  direction  when  the  turn¬ 
table  crosses  0  (360)  should  be  apparent.  Up  until  now  we  considered  the 
relationship  between  the  logical  plane  (2)  and  the  turntable  plane  (3)  with 
0°  from  the  synchros  lining  up  nicely  with  0°  on  the  turntable.  But  this 
depends  on  the  assumption  that  at  0°  in  the  turntable  plane,  the  synchros 
will  put  out  a  value  of  0.  Unfortunately,  we  cannot  count  on  the  synchros 
to  provide  a  0°  reference  when  the  turntable  is  at  0°.  This  means  that  the 
synchros  could  put  out  any  arbitrary  value  between  0  and  359.99.  When 
the  synchros  started  at  0,  we  had  a  fixed  reference  plane  to  keep  track  of 
the  last  logical  values:  0, 3.6,  7.2, 10.8, ...  352.8, 356.4, 0.  If  the  original  meas¬ 
urement  is  arbitrary,  what  is  the  initial  value  of  the  "last  logical"?  The  soft¬ 
ware  would  have  to  keep  track  of  when  we  cross  (x  +  3.6),  (x  +  7.2),  (x  + 
10.8),  etc.  It  would  need  to  track  when  (0  +  x)  and  (360  +  x)  are  crossed, 
adding  to  the  complexity  of  the  algorithm. 

Reflecting  the  fact  that  the  original  synchro  angle  is  not  necessarily  0°,  a 
more  realistic  example  of  the  relationship  between  the  turntable  and  the 
synchros  is  shown  in  figure  A-4.  The  new  plane  of  reference  is  called  the 
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Figure  A-4.  0° 

Turntable,  logical,  I 


physical  reference  plane  (reference  plane  1).  A  hypothetical  situation  is 
shown  in  figure  A-4,  where  the  first  synchro  angle  is  10°,  while  the  turn¬ 
table  angle  is  0°.  We  refer  to  this  original  synchro  measurement  as  the 
"physical  reference  point."  Once  determined,  the  physical  reference  point 
will  be  held  constant  for  the  duration  of  the  run. 

Having  determined  that  it  is  much  easier  to  deal  with  a  reference  point  of 
0°,  and  think  in  terms  of  the  logical  plane,  we  created  a  short  routine  to 
normalize  all  angle  measurements  coming  from  the  synchros  with  respect 
to  0.  To  do  this  we  convert  from  the  physical  synchro  reference  plane 
(plane  1)  to  the  logical  synchro  reference  plane  (plane  2).  The  arbitrary 
original  physical  reference  point  coming  from  the  synchro  is  the  equiva¬ 
lent  of  0°  in  the  logical  plane.  Once  the  physical  reference  is  established,  it 
is  used  to  convert  all  the  other  physical  degree  data  (plane  1)  coming  from 
the  synchros  to  logical  data  (plane  2).  The  following  equations  are  used: 

change  =  (physical  reference)  minus  (synchro  angle  measured) 

a.  if  change  =  0 

then  logical  angle  =  0. 

b.  if  change  <  0 

then  logical  angle  =  (change)  multiplied  by  (-1.0) 

c.  if  change  >  0 

then  logical  angle  =  (360)  minus  (change) 

For  example,  in  figure  A-4,  the  physical  reference  is  10°.  A  synchro  angle 
(in  the  physical  plane)  is  measured  190°. 

(physical  reference)  -  (angle)  =  10  - 190  =  -180  ;  -180  is  <0; 

so  -180  X  -1  =  180,  which  is  the  logical  angle. 

Once  a  logical  angle  has  been  computed,  it  can  be  used  to  determine  direc¬ 
tion  and  magnitude  of  change  as  described  earlier. 
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A-7.  Error  Analysis 

Even  though  the  exact  value  of  the  turntable  is  not  calculated  while  the 
turntable  is  spinning,  it  can  be  calculated  later.  Since  the  computer  is  look¬ 
ing  for  the  degree  change  to  equal  or  exceed  the  specified  resolution  before 
recording  amplitude  and  phase  data,  there  will  inherently  be  some  error. 
The  error  associated  with  the  measurement  can  be  derived  from  the  "logi¬ 
cal  angle"  and  the  new  "last  logical."  For  example,  if  the  "last  logical"  was 
7.2°  and  the  servo  is  turning  in  the  forward  direction,  then  the  computer  is 
looking  for  the  logical  angle  to  exceed  10.8°.  When  10.8°  is  exceeded,  then 
a  new  "last  logical"  is  calculated  by  the  addition  of  3.6.  This  is  10.8,  which 
was  the  target  value  to  exceed.  So  if  we  subtract  the  new  (last  logical)  from 
the  "logical  angle,"  the  result  is  the  error  by  which  the  computer  missed 
the  synchro  target  angle.  To  convert  this  to  error  with  respect  to  the  turn¬ 
table,  divide  by  36  (because  of  the  36 ;  1  ratio).  So  h)q)othetically  speaking, 
instead  of  getting  an  amplitude  measurement  at  181.1°,  you  get  a  measure¬ 
ment  at  181.13°.  This  is  acceptable  since  the  error  is  less  than  the  minimum 
stipulated  resolution. 

(Turntable  degree  error)  =  |  (logical  angle)  -  new  (last  logical)  |  h-  36 

Although  the  algorithm  worked  successfully  xmder  normal  operating  con¬ 
ditions,  two  circumstances  were  discovered  that  would  allow  the  algo¬ 
rithm  to  miss  the  angle  by  the  resolution  selected.  In  other  words,  if  the 
resolution  selected  was  offset  by  0.1°,  the  data  would  all  be  shifted  by  0.1°. 
The  first  circumstance  that  creates  this  error  is  if  the  user  first  turns  the 
table  clockwise,  instead  of  counterclockwise  as  instructed  by  the  com¬ 
puter.  The  first  problem  is  eliminated  if  the  user  simply  follows  directions 
as  instructed  by  the  computer  during  execution. 

The  second  way  for  the  data  to  be  offset  by  0.1°  was  if  directions  were 
reversed  just  as  the  logical  angle  crossed  360°  (0°).  This  second  problem 
was  caused  by  the  "CROSS  0  FORWARD"  and  "CROSS  0  REVERSE" 
equations  mentioned  earlier.  They  were  needed  to  deal  with  crossing  0° 
(360°)  and  to  reset  the  last  logical  to  360  (or  0  depending  on  the  case).  How¬ 
ever,  if  0  were  crossed  without  3.6°  being  exceeded  (0.1°  turntable  resolu¬ 
tion)  and  then  0  were  crossed  again,  the  last  logical  would  be  set  to  the  ori¬ 
gin  twice,  and  the  array  pointer  would  be  incremented  to  be  off  by  one 
element.  From  here  on  measurements  would  continue  and  all  elements  of 
the  array  would  be  filled,  but  they  would  all  be  shifted  by  one  element. 

To  resolve  this  problem,  we  created  a  flag  that  was  set  when  the  last  logical 
value  was  greater  than  315  but  less  than  360  and  the  logical  angle  was 
greater  than  0  but  less  than  45.  In  other  words,  0  was  crossed  in  the  for¬ 
ward  direction.  As  long  as  direction  is  not  suddenly  reversed,  the  flag  is 
cleared.  If  direction  is  reversed  before  the  flag  can  be  cleared,  the  array 
pointer  is  adjusted  to  correctly  adjust  array  alignment. 

As  an  additional  preventative  measure,  the  user  is  alerted  to  change  direc¬ 
tions  after  the  turntable  exceeds  -181°.  This  takes  into  account  the  largest 
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of  the  degree  resolutions  down  to  the  smallest  and  eliminates  any  possible 
ambiguity  caused  by  the  turntable  stopping  too  close  to  -180°. 

A-8.  Warning 

This  appendix  discusses  the  accuracy  of  the  turntable  from  a  software 
point  of  view.  The  accuracy  of  the  manual  alignment  of  the  transmitter 
with  the  receiver  has  not  been  addressed,  however,  since  this  is  not  a  soft¬ 
ware  issue.  The  user  should  bear  in  mind  that  the  zero  position  reference 
in  the  tabulated  data  is  only  as  good  as  the  initial  physical  alignment  of  the 
turntable. 
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